Introduction {#S0001}
============

Recently, the method of conducting surgery using the three-dimensional (3D) heads-up visualization system, known as the heads-up surgery (HUS), has been widely accepted, especially for vitreoretinal procedures. Using digitally assisted image manipulation on the display, HUS can be comfortably performed even under conditions such as low-intensity light and extended depth of field at high magnification.[@CIT0001]--[@CIT0003] In addition, multiple data, such as intraoperative optical coherence tomography and operative field view data, can be simultaneously observed on the display. Consequently, we determined that surgical navigation combined with a 3D heads-up display is the most practical tool for performing minimal incision cataract surgery (MICS) in clinical settings.[@CIT0004],[@CIT0005]

Moreover, to ensure a good view of the trabecular meshwork in minimally invasive glaucoma surgery (MIGS),[@CIT0006],[@CIT0007] a gonioprism is used to inspect the angle. However, the surgeon must have certain experience and skill to achieve such a view. Based on this, we can consider that the extended depth of field at high magnification obtained in HUS is preferable for angle inspection using gonioprism. In this study, we reported the feasibility of HUS for MICS and MIGS.

Patients And Methods {#S0002}
====================

Toric intraocular lens (IOL) implantations with phacoemulsification and trabecular microbypass stent implantation (iStent; Glaukos, CA, USA), which is an MIGS, using the NGENUITY 3D Visualization System with VERION Image Guided System (Alcon, Fort Worth, TX, USA) combined with the Leica Proveo 8 microscope (Leica Microsystems, Wetzlar, Germany) were performed for patients with cataract and open-angle glaucoma. This implantation was guided by VERION to achieve precise positioning ([Figure 1](#F0001){ref-type="fig"}). Furthermore, the Ocular Hill Surgical Gonioprism (Ocular Instruments Inc, Washington, USA) was used to implant iStent in a conventional manner, in which the microscope and patient's face are tilted to achieve a good view of the anterior chamber angle. In addition, because the 3D display was placed in front of the surgeon, the surgeon's posture was maintained throughout the procedure ([Figure 2](#F0002){ref-type="fig"}, [[Video S1](http://youtu.be/_So3qDkfkiM)]{.ul}).Figure 1Toric IOL implantation by NGENUITY 3D Visualization System combined with VERION image guided system.Figure 2In HUS, the surgeon's posture is maintained even if the microscope and patient's face are tilted to acquire a good view of the anterior chamber angle when using a gonioprism.

[[Video S1](http://youtu.be/_So3qDkfkiM)]{.ul} shows toric intraocular lens (IOL) implantations with phacoemulsification and trabecular microbypass stent implantation, using the NGENUITY 3D Visualization System with VERION Image Guided System for a patient with cataract and open-angle glaucoma. The surgeon's posture is maintained during surgery.

Results {#S0003}
=======

Compared with the conventional microscopic surgery, cataract surgery and trabecular microbypass stent implantations were compatible with HUS combined with Verion[](#S0001){ref-type="sec"} image guided system. Moreover, because of the extended depth of field at high magnification and emphasized stereoscopic effect provided by this technique, frequent focus adjustment is not required for trabecular microbypass stent implantation, unlike that required when using the conventional microscope.

Discussion {#S0004}
==========

With HUS, it is possible to process the original image on the display exactly according to the surgeon's requests without compromising image quality. There are several advantages of HUS such as lower intensity of light source, exaggeration of the structure and color of the image, overlay the images, and picture in picture (several images on the display simultaneously). So far, most reports of HUS are related to vitreoretinal surgery.[@CIT0001]--[@CIT0003] However, with all these factors considered, the feasibility of this procedure is not only for vitreoretinal surgery but also for other kinds of ophthalmic surgeries. In this study, we report the feasibility of MICS and MIGS via 3D platforms that offer good visualization (less need for focusing and emphasized stereoscopic effect by larger display), good compatibility with Verion image guided system, and surgeon's comfort. HUS was never inferior to the conventional microscopic surgery in MICS and MIGS. However, we believe that HUS might have the potential to change surgical microscopic observation system drastically. Further studies and innovation are required to develop the conventional microscopic observation system.
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